Background: To determine the effect of food intake on complete blood count (CBC) results.
Although several standards exist for preparing patients for blood specimen donation, as well as for blood specimen collection and handling procedures, the estimated degree of conformity to these guidelines is still unacceptable. [5] [6] [7] Complete blood count (CBC) is the most commonly performed laboratory test. 8 It is recommended to be performed in every healthy person as a screening test once per year. 9 It is routinely conducted in patients that are admitted to the hospital and is frequently performed in patients that attend a general practice. As a target test, CBC is performed in patients who have or are suspected to have anemia, polycythemia, infection, leukemia, or thrombophilia, among various conditions. 10 Laboratory test results, including CBC results, might be influenced by many various controllable factors, such as alcohol consumption, smoking, physical activity, and diet, as well as whether and for how long patients have fasted before specimen collection. Patients should always be informed of how they should prepare for blood specimen collection for laboratory tests. 11 However, advice regarding CBC testing is not always clear; it can differ depending on the information source. The Clinical Laboratory Standardization Institute (CLSI) recommendations for blood collection (CLSI H3-A6) state that patient dietary restrictions should be verified, due to the fact that some other tests may require fasting. 5 Nevertheless, this guideline does not specify the requirements for specified tests or groups of analytes, assigning the responsibility to the health care institution to define fasting requirements. Despite this similarity, in many European countries, the instructions regarding how a patient should prepare for blood specimen collection for CBC testing are inconsistent. In Norway and Italy, approximately 20% of laboratory recommendations require that individuals fast before donating blood specimens for CBC testing. In Poland, more than 50% of laboratories recommend fasting before donating blood specimens for CBC. In a few cases, the guidelines include additional information, that it is better to determine CBC in [specimens from fasting individuals]. Moreover, great heterogeneity exists in the definition of "fasting" in health care facilities and in the scientific literature, which has prompted us to recognize a potential effect of meal consumption on laboratory results. The European Federation of Laboratory Medicine (EFLM) strongly suggests that existing recommendations for patient preparation for blood specimen collection be revised, to create new uniform standards. 7 Hence, the goal of this study was to describe the wide range of effects of food intake on CBC testing in adults.
Materials and Methods

Study Design
The study group was made up of 33 apparently healthy volunteers, 18 women and 15 men, with a median of age of 24 years (age range, 19 to 34 years). Health status was self-declared by the patients. The exclusion criteria were personal history of chronic diseases or any disease, as well as surgical procedures in the previous month. All individuals reported having taken no medication on a long-term basis or within the previous month. The volunteers were university students, all of whom gave written consent to testing. The Jagiellonian University Ethics Committee, Krakow, Poland, approved this study.
A whole capillary blood specimen was drawn according to the CLSI recommendation "Procedures and Devices for the Collection of Diagnostic Capillary Blood Specimens (GP42-A6)", 15 as well as recommendations from the assay manufacturer: from the middle or fourth proximal finger of the nondominant hand of each subject into microtubes containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant (KABE LABORTECHNIK GmbH). The first blood specimen was drawn between 8:00 AM and 9:00 AM from subjects who reported that they had been fasting for 12 hours. Immediately after blood collection, all subjects consumed a light meal containing a standardized amount of carbohydrates, protein, and lipids. The meals were prepared according to the personal preference of the subjects and consisted of ordinary sandwiches (slice of bread, slice of cheese, and/or slice of ham), with tea or coffee and sugar. In some cases, the meal included fruits or small sweets. The calculated caloric intake of the meals ranged from 300 to 700 kcal. Subsequently, we collected blood specimens 1 and 2 hours after the subjects had finished their meals. Each phase of specimen collection was carefully standardized.
Laboratory Testing
All capillary blood specimens were processed for routine hematologic testing immediately after collection (<15 minutes) using the Sysmex XN-1000 hematologic analyzer (Sysmex Corporation) in the laboratory of the Department of Clinical Biochemistry, Pediatric Institute, Krakow, Poland, during the month of June 2016. The parameters tested included white blood cell (WBC) count, count of different WBC components (absolute neutrophils, lymphocytes, monocytes, eosinophils, basophils, and large unstained cell counts), hemoglobin concentration, hematocrit levels, erythrocyte count, and platelet count.
Statistical Analysis
Continuous variables were presented as the median and interquartile range (IQR) or as the mean (SD), and the categorical variable (sex) was presented as the number of the observations divided by the total number of subjects within the group. The quantitative variables were assessed for normality of distribution using Shapiro-Wilk testing. To evaluate the differences between specimens collected before and 1 and 2 hours after meal consumption, the Student paired t test was performed for normally distributed variables, and the Wilcoxon test was performed for non-normally distributed variables. Results were considered statistically significant when the P value was less than .05. Statistical analysis was performed using STATISTICA software, version 12 (StatSoft Inc).
Results
The results of our study are shown in Table 1 . We observed a 14% increase in the total WBC count 1 hour after meal consumption and a 16% increase 2 hours after, compared with baseline measurements (P = .001 and P = .002, respectively). Moreover, we discovered that the neutrophil count increased by 35% at 1 hour after food intake and by 37% at 2 hours after food intake (P = .003 and P = .006, respectively). In contrast, the lymphocyte count decreased by 11% at 1 hour after food intake and by 12% at 2 hours after food intake, compared with baseline specimens (P = .004 and P = .001, respectively). Two hours after the subjects had ingested the meal, we noted decreases in the red blood cell count (RBCs) by 7%, the hemoglobin concentration by 8%, hematocrit level by 6%, and platelet count by 6%, compared with the specimens from fasting individuals (P = .007, P = .008, P = .003, and P = .03, respectively).
Discussion
The concept of collecting blood specimens for CBC testing at any time, without any restrictions regarding food intake, is convenient for patients and physicians. However, confusion can sometimes arise because many parameters in blood, other than hematologic parameters, need to be measured while patients are fasting. 16, 17 In our study we investigated the effect of food consumption on CBC results in adult volunteers. Our findings show that even a light meal (<700 kcal) can strongly alter the routine hematologic parameters-mostly total WBC and the neutrophil and lymphocyte counts-in healthy subjects.
Two published articles have shown significant differences in CBC parameters when fasting and postprandial CBC tests from the same person were compared. 18, 19 Each of these studies was performed using modern automatic analyzers for CBC testing. Preanalytical factors, including controllable factors, may significantly influence laboratory test results. However, in the case of CBC testing, there are no unified guidelines, to our knowledge, that describe postprandial variations in those parameters. [20] [21] [22] Besides presenting the findings that meal consumption has no impact on CBC results, several authors indicated statistically significant differences in some CBC parameters when comparing fasting and postprandial results in the same patients. Our findings were consistent with those of Van Oostrom et al, who evaluated the variations in the WBC population in healthy subjects after an 8-hour oral fat and glucose load. They report that the mean WBC count was significantly higher after the fat load, driven by a rapid 69% increase in the absolute neutrophil count within 2 hours. 23 Moreover, this increase in the absolute neutrophil count remained almost stable for at least 4 hours. The glucose load caused a 28% increase in the WBC count after 2 hours; this effect was potentiated over subsequent hours, finally reaching an 86% increase after 5 hours. The meal containing a mixture of fat and glucose resulted in a 29% increase in neutrophils after 2 hours. 23 The effect on CBC test results of a relatively light, mixed, standard meal consisting of 2 sandwiches was investigated by Lippi et al, who studied CBC in 17 healthy volunteers.
Similar to our study results and those reported by van Oostrom et al, Lippi et al observed a significant increase in the absolute neutrophil count, whereas the absolute lymphocyte and eosinophil counts and hemoglobin and hematocrit concentrations had decreased strongly, 2 hours after food intake. 18 Lippi et al hypothesized that the postprandial period alterations in the RBC count, hemoglobin concentration, hematocrit level, and platelet count might be associated with the hemodilution that occurred after ingestion of foods and fluids. Also, these coauthors indicated a clinically significant decrease in lymphocyte count, which may explain the small change in WBC count observed 2 hours after the meal in our study. Klop et al recruited 12 healthy subjects and drew blood specimens before and after an oral fat load, administered using a standardized volume of cream. In this project, the leukocyte cell population was only measured 4 and 8 hours after the stimulus, respectively. Four hours after the oral fat load, an increase of greater than 10% in WBC and absolute neutrophil and lymphocyte counts was observed. 24 According to the aforementioned studies by van Oostrom et al and Lippi et al, the maximal change in WBC after an orally ingested meal was observed earlier, during the second hour. Therefore, it is likely that the peak values for WBC count and for absolute neutrophil count may have been missed because the values probably peaked earlier than 4 hours. Klop et al reported that postprandial leukocyte activation is followed by temporary changes in leukocyte cell population data, which are similar to changes observed during various infections. 24 In our opinion, a change of 20% or higher in the WBC and neutrophil counts might have clinical significance, especially at the lower and upper limits, including infections, which are a common reason for CBC orders. According to the recommendations of the Clinical Laboratory Improvement Amendments (CLIA), the allowable error is ±15% for WBC count and ±3 units for neutrophil count. 15 Ottomano et al stated that even a small change in each of these hematologic parameters can influence the health and life of critically ill patients. 25 Also, Guidi et al highlighted that observed bias due to the nonfasting state is higher than acceptable for many laboratory parameters, including CBC. 26 It seems obvious to us that to receive reliable results from laboratory tests, patient preparation according to laboratory guidelines is required. 27 Therefore, we suggest that patients follow the rule "For general screening purposes, fasting (CBC) is not required." For other cases in which WBC count has strong clinical significance, it should be recommended that patients fast before specimen collection. Potentially serious difficulties may result from interpreting the postprandial result based on the lower and upper limits of the normal range, such as missing neutropenia and overdiagnosing infections.
In most of the studies we reviewed, other CBC parameters that were not connected with WBC also were found to be altered; we had the same results in this study. 18, 23, 25 However, the average difference between postprandial and fasting specimens was less than 10% which, according to the Spanish Society of Clinical Chemistry and Molecular Pathology, is the acceptable threshold for error and has no clinical significance. 28 One limitation of this study is the unstandardized meal. However, the aim of our study was to analyze the impact of a typical meal on the CBC results in a population of healthy adults. Our study group included various subjects with various nutritional preferences and requirements, so meal standardization would have been an inappropriate tool as we attempted to answer our research questions. Another limitation is that statistical significance is not equal to clinical significance. In addition, measured variables also depend on the analytical variation of the instrument and on the biological variation of the measured parameters. For all patients tested, the influence of meal ingestion on their health status was not examined; it is possible that for some medical problems, the impact of ingested food on the result of this test could be (clinically or statistically) significantly enhanced. 
Conclusions
Food intake impacted CBC results, especially WBC count and the count of specific WBC components. Ensuring high quality and repeatability of CBC analysis, as well as consistency of results in the same person, requires that blood specimens be drawn from fasting patients. We conclude that standardization and harmonization of fasting requirements is essential for maintaining the credibility and variability of CBC testing. LM
